Biochemical analysis of mutant alleles of the vaccinia virus topoisomerase I carrying targeted substitutions in a highly conserved domain.
The 32-kDa topoisomerase I encoded by vaccinia virus relaxes supercoiled DNA in a manner which is mechanistically equivalent to that utilized by eucaryotic enzymes. Its amino acid sequence contains significant homology to the enzymes encoded by Saccharomyces cerevisiae, Saccharomyces pombe, human cells, and other poxviruses. The small size of the viral enzyme, and its essentiality in the viral life cycle, make it ideally suited for structural and functional analysis. In this report we present the construction and analysis of 15 mutant alleles of the topoisomerase containing amino acid substitutions in a highly conserved region. The enzymes encoded by these alleles were expressed in Escherichia coli and various parameters of their activity were examined. All of the alleles which show diminished (seven alleles) or abrogated (three alleles) DNA relaxation activity are deficient in DNA cleavage and the concomitant formation of the covalent enzyme/DNA intermediate. None are deficient in the prior step of noncovalent interaction with substrate DNA. Five of the mutant enzymes show significant temperature sensitivity in vitro. The extent of in vitro activity of the enzymes shows a good but incomplete correlation with the enzymes' abilities to lethally induce the resident lambda prophage within E. coli BL21(DE3) (via illegitimate recombination). Mutations in 1 amino acid, in particular, impair prophage induction in vivo more significantly than DNA relaxation in vitro. In sum, these studies suggest that this region of the topoisomerase (amino acids 216-225) plays a proximal role in mediating DNA cleavage and the covalent interaction between the 3'-phosphoryl of the nicked DNA and tyrosine 274 of the vaccinia topoisomerase I. The studies also provide useful reagents for the molecular genetic analysis of the role of the topoisomerase within the context of vaccinia virus infection.